To evaluate the prognostic impact of human leukocyte antigen class I (HLA-I) expression on immune surveillance in colorectal cancer, we studied 88 curatively resected tumors for HLA-A and HLA-B/C expression and correlated these data to clinical and histopathological parameters. HLA-A was normal (all tumor cells had HLA expression) in 32%, reduced (HLA-negative and -positive tumor cells coexisted) in 56%, or absent (no tumor cells expressed HLA) in 12% of evaluable cases. HLA-B/C was normal in 47%, reduced in 47%, and absent in 7% of the cases. Considering both markers, total HLA-I expression was normal in 27%, reduced in 63%, absent in 7%, and could not be evaluated in 3% of the cases due to absent HLA-A expression in tumor and normal cells. Down-regulation of HLA-A expression significantly correlated with a lower tumor stage (p ϭ 0.005), mucinous tumors (p ϭ 0.05), a lower incidence of recurrences (p ϭ 0.03), and a longer disease-free survival (p ϭ 0.02). Down-regulation of HLA-B/C expression correlated with a lower tumor stage (p Ͻ 0.001) and a longer disease-free survival (p ϭ 0.04). In multivariate analysis, HLA-A down-regulation was the only prognostic factor correlated with a longer disease-free survival (p ϭ 0.02). Six tumors were negative for HLA-A and -B/C and did not recur during follow-up. Therefore, we analyzed microsatellite instability (MSI) in these cases. Three of these six tumors indeed showed down-regulation of MLH-1, MSH-2, or MSH-6, indicating a MSI-high phenotype. Beta-2-microglobulin protein expression was lost in five of six of the HLA-I-negative cases, but frame shift mutations in three repetitive sequences in ␤2-microglobulin were absent. In contrast, loss of MLH-1, MSH-2, and MSH-6-protein expression was only observed in two of nine matched controls with reduced or normal HLA-A and -B/C expression. Our data showed that HLA-I was down-regulated in 72% of colorectal cancers and provided independent prognostic information for a longer disease-free survival. The better prognosis may be caused by elimination of HLA-negative cells by natural killer cells or by an attenuated tumor aggressiveness, as is seen in tumors with a MSI-high phenotype. (Lab Invest 2002, 82:1725-1733.
C
olorectal cancer is among the most common malignancies in men and women in the Western world (Greenlee et al, 2000) . Hematogenous and lymphatic micrometastases occur early during carcinogenesis in a large proportion of patients. Once distant metastases are detected, the available treatment options are scarce and potentially toxic and the prognosis is poor. Other treatment modalities, such as immunotherapy, are getting more attention (Bremers and Parmiani, 1999) .
It is generally accepted that an antitumor reaction is primarily mediated by cytotoxic T-lymphocytes. This process requires the presence of human leukocyte antigen class I molecules (HLA-I) on the (pre)-neoplastic target cell (Bernards et al, 1983; Wallich et al, 1985) . HLA-I is a complex molecule, consisting of a heavy chain (encoded by the HLA-A, -B, and -C loci on chromosome 6) and a light chain (encoded by ␤2 microglobulin (␤2m) on chromosome 15), which together with a peptide and costimulatory molecules are presented to cytotoxic T lymphocytes. Tumor cells harbor many genetic defects, potentially leading to the production of altered proteins that can be targets for the immune system. This holds especially true for tumors with the "mutator phenotype," which are characterized by defects in the mismatch repair genes. However, tumors can down-regulate HLA-I expression and thereby evade cytotoxic T lymphocytemediated elimination. Down-regulation of HLA-I has been reported in a variety of malignancies (Esteban et al, 1996) , including a significant percentage of colorectal cancers and its precursor adenomas (Cordon et al, 1991; Garrido et al, 1993; Lopez-Nevot et al, 1989; Moller et al, 1991b; Momburg et al, 1986; Tsioulias et al, 1993) and may result in a worse clinical outcome. This correlation has indeed been observed in a number of malignancies, such as breast cancer (Concha et al, 1991) , melanoma (van Duinen et al, 1988) , and laryngeal carcinoma (Esteban et al, 1996) but not for colorectal cancer (Cordon et al, 1991; Lopez-Nevot et al, 1989; Moller et al, 1991b; Momburg et al, 1986; Stein et al, 1988) . Immunohistochemical studies on HLA-I expression in (colorectal) cancer most com-monly investigated the expression of the entire HLA-ABC/␤2m complex using the antibody W6/32. W6/32 recognizes the nonpolymorphic residues of the HLA-I molecule and therefore might underscore subtle changes in the polymorphic areas (Barnstable et al, 1978) . We investigated HLA-A and HLA-B/C expression separately in curatively resected colorectal cancer patients using two monoclonal antibodies, HCA2 and HC-10 (Stam et al, 1990) . In this report, we present the frequency of these locus-specific alterations in curatively resected colorectal cancer patients and their correlation with clinical and histopathological parameters and prognosis.
Results

Frequency of HLA-A and HLA-B/C Alterations and Correlations with Histopathologic Parameters and Disease-Free Survival
Each tissue section contained stroma, endothelium, and lymphocytes (follicles), which served as an internal positive control for HLA-I expression. The stroma was positive for HLA-A (HCA2) and HLA-BC (HC-10) in 85/88 and 88/88 tumors, respectively. In 3/88 cases (3%), HLA-A expression could not be detected in the tumor and stroma on repeated evaluations. HLA-A expression of tumors was normal in 27 of the remaining 85 (32%) cases, while 48/85 (56%) cases showed reduced expression and 10/85 cases (12%) showed total loss of HLA-A (see Fig. 1 and Table 1 ). HLA-B/C expression was normal in 41/88 (47%) cases, reduced in 41/88 (47%) cases, and absent in 6/88 (7%) cases (see Table 1 ).
Correlations between HLA-A and -B/C expression and clinical and tumor parameters were investigated in univariate analysis. HLA-A down-regulation significantly correlated with a lower tumor stage (p ϭ 0.005), less tumor recurrence (p ϭ 0.03), and mucinous tumors (p ϭ 0.05). HLA-B/C down-regulation significantly correlated with a lower tumor stage (p Ͻ 0.001; Table 2 ).
Prognostic factors for disease-free survival (DFS) were investigated in univariate analysis. Tumor stage (p ϭ 0.04), HLA-A expression (p ϭ 0.02), and HLA-B/C expression (p ϭ 0.04) all significantly correlated with DFS ( Figs. 2 and 3) . None of the other clinical or histopathological parameters correlated with DFS (Table 1). Ten-year DFS was 47% in cases with normal HLA-A expression, 61% in cases with reduced HLA-A expression, and 100% in cases with absent HLA-A expression. For HLA-B/C, these figures were 50% (normal HLA-B/C), 68% (reduced HLA-B/C), and 100% (absent HLA-B/C), respectively. Multivariate analysis demonstrated that HLA-A expression was the only prognostic factor for DFS (p ϭ 0.02; relative risk ϭ 2.0; 95% confidence interval: 1.1-3.6). The immunohistochemical results of the separate HLA-A and HLA-B/C analyses were combined to make these data comparable with other studies, which evaluated the expression of the entire HLA-ABC/␤2m complex with W6/32. The first group (n ϭ 24; 28%) consisted of normal HLA-A and normal HLA-B/C expression in all tumor cells. The second group (n ϭ 55; 65%) demonstrated down-regulation of either HLA-A or HLA-B/C in some tumor cells. And finally, the third group (n ϭ 6; 7%) consisted of patients with no HLA-A and no HLA-B/C expression on any tumor cell. There was no significant difference in DFS (p ϭ 0.12; Table 1 ) between these three groups. Although speculative, this might indicate that probably no significant differences in DFS would have been detected if these samples were analyzed using W6/32.
Defects in Mismatch Repair Genes and ␤2-Microglobulin in HLA-I-Negative Tumors
Ten cases had total loss of HLA-A expression (Table  3) . Of these, six cases demonstrated concomitant total loss of HLA-B/C expression. These six HLA-A/ BC-negative tumors did not recur during postoperative follow-up and may be a reflection of the good prognosis, as is seen in tumors with an MSI-high phenotype. We tested whether these cases were (Table 3 ). MLH1 protein expression was lost in two of six cases (33%) and doubtfully positive in another case of the HLA-A/ BC-negative cases. In one of these MLH1-negative cases, MSH2 and MSH6 expression was also lost, bringing the total to three of six (50%) HLA-I-negative cases demonstrating altered MMR protein expression. In contrast, MLH1 protein expression was lost or doubtfully positive in two of nine (22%) controls only. The latter two cases showed reduced HLA-A and -B/C expression. There were no alterations in MSH2 and MSH6 protein expression in the control group. MSI analysis in the HLA-I-negative cases confirmed the mismatch repair deficiency in the three cases with loss of MLH1 expression and showed no MSI in the three other cases with normal MLH1 expression (Table 3 ). In addition, ␤2m protein expression was lost in five of six HLA-I-negative cases, and one of six cases showed weak, focal ␤2m expression in less than 5% of tumor cells. However, frameshift mutations in the repetitive sequences of exons 1 and 2 of the ␤2m gene were not detected in any of these HLA-A/BC-negative cases, whereas it was detected in the concomitantly analyzed positive control.
Discussion
HLA-I expression on tumor cells is essential for T-cellmediated responses, which are deemed important for constraining tumor growth. In the present study, we showed that HLA-I down-regulation occurred in 72% of colorectal cancer patients and, surprisingly, correlated with a lower tumor stage and a better prognosis in multivariate analysis. In addition, tumors with total loss of HLA-I had the best prognosis, and 50% of these tumors were correlated with a MSI-high phenotype. Three cases were not evaluable for HLA-A expression because, in these cases, the internal positive control (stromal tissue) was found to be negative. These three cases were evaluable for HLA-B/C expression. A possible explanation might be that these patients have a HLA phenotype that is not recognized by HCA2. For instance, it is known that HLA-A24 is not recognized by HCA2 (Stam et al, 1990) .
Our observed frequency of alterations in HLA-I is in agreement with other studies and suggests that our study cohort is comparable with other reported populations (Cordon et al, 1991; Durrant et al, 1987; Kaklamanis et al, 1992; Lopez-Nevot et al, 1989; Moller et al, 1991a Moller et al, , 1991b Moore et al, 1986; Smith et al, 1989; Stein et al, 1988; van den Ingh et al, 1987) . The improved prognosis for patients with tumors that had down-regulated HLA-I, and HLA-A in particular, is a novel finding and argues against the importance of T-cell-mediated immune surveillance. A possible explanation for our observations may be that natural killer (NK) cells were involved. NK cells make up for 15% of the lymphocytes in the systemic circulation and may clear HLA-I-negative tumor cells that attempt to metastasize into the systemic circulation and maybe even to regional lymph nodes, although not many NK cells are present in lymph nodes (Karre, 1995) . Substantial evidence has accumulated that Patient and tumor characteristics of 88 curatively resected colorectal cancer patients. In addition, each parameter (except recurrences) was correlated to disease-free survival (DFS). Of these parameters, tumor stage, HLA-A, and HLA-B/C expression were significantly correlated with DFS. TIL ϭ tumorinfiltrating leucocytes; * ϭ no recurrences occurred; percentages are shown in parentheses.
HLA-I and Prognosis in Colorectal Cancer
Laboratory Investigation • December 2002 • Volume 82 • Number 12 supports the antitumor effects of NK cells in animal models (Barlozzari et al, 1985; Gorelik et al, 1982) and in humans (Coca et al, 1997; Riccardi et al, 1980; Tartter et al, 1987; van Duinen et al, 1988; Whiteside and Herberman, 1994) . For instance, Blom et al (1997) demonstrated that down-regulation of HLA-A expres- 
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sion was an independent prognostic factor associated with a better clinical outcome in a study using HCA2 and HC-10 on 30 uveal melanomas. Like in colorectal cancer patients, the prognosis of uveal melanoma is mainly determined by hematogenous metastases to distant organs. Others have also correlated HLA-I expression in colorectal cancers to tumor stage and prognosis but did not find a correlation (Durrant et al, 1987; Moller et al, 1991a Moller et al, , 1991b Stein et al, 1988) . These studies differ from our study in several aspects. First, the follow-up in aforementioned studies is limited. The median follow-up in our study is more than 5 years. Second, the previously mentioned studies analyze expression of the entire HLA-ABC/␤2m complex using W6/32. In contrast, we analyzed expression of the HLA-A and HLA-B/C locus separately and found that only HLA-A expression provided independent prognostic information for disease recurrence. Indirect support for the importance of analyzing subtle locusspecific losses was also seen in our study because, when we analyzed our patients by combining the results of the individual markers HCA2 (HLA-A) and HC-10 (HLA-B/C) to make them comparable with evaluation of the expression of the entire HLA-ABC/ ␤2m complex, we found no correlations between HLA-I expression and DFS in our patients. Recently, Feenstra et al (1999) showed that 26/84 head and neck squamous-cell carcinomas also had changes in HLA-A and/or -B/C expression, whereas no changes in HLA-I expression were observed when these cases were evaluated with W6/32 or anti-␤2m. Our data indicate that subtle locus-specific HLA defects provide prognostic information. This may be a reflection of NK cell activation by loss of specific HLA loci. Alternatively, the limited number of patients with loss of HLA B/C may preclude drawing valid conclusions regarding its prognostic significance.
Another explanation for the better prognosis associated with down-regulation of HLA-I may be a correlation with an "attenuated tumor aggressiveness," eg, as is observed in tumors with microsatellite instability (MSI) (Lothe et al, 1993) . In this particular pathway, it has been reported that tumors sometimes lack HLA-I expression due to frameshift mutations in repetitive sequences of exons 1 and 2 of the ␤2m gene (Bicknell et al, 1994; Bodmer et al, 1994; Momburg and Koch, 1989) . Indeed, we found that 50% (3/6) of our HLA-Inegative cases had a MSI-high phenotype, but none CA ϭ colon ascendens; CE ϭ cecum; f ϭ female; fp ϭ focally positive; m ϭ male; nt ϭ not tested; R ϭ rectum; RS ϭ rectosigmoid; S ϭ sigmoid; Ϫ ϭ negative staining; ϩ ϭ positive staining; ϩ/Ϫ ϭ doubtfully positive. a HLA expression: 0 ϭ absent; 1 ϭ reduced; 2 ϭ normal. b Percentage of tumor-positive nuclei are shown. The characteristics of the six patients with HLA-A and HLA-B/C negative tumors (first line of each subsection) and nine matched controls (second and third lines of each subsection) are summarized. Age is presented in years and p53 overexpression was analyzed using DO-7 and by estimating the percentage of tumor-positive nuclei. MSI status was analyzed immunohistochemically and genetically using the markers recommended by the NCI (Boland et al, 1998) . Expression of ␤2m was analyzed immunohistochemically and mutations in repeating nucleotide sequences in exons 1 and 2 of the ␤2m gene were analyzed.
HLA-I and Prognosis in Colorectal Cancer
Laboratory Investigation • December 2002 • Volume 82 • Number 12 of the tumors with total HLA-A/BC loss showed mutations in the repetitive sequences of exons 1 and 2 of ␤2m. This is a much higher proportion of MSI positivity than reported in the literature for sporadic colorectal cancer (Jass et al, 1998) . In contrast, loss of MLH-1 was only found in 22% (2/9) of matched controls, which is in agreement with the reported frequency in sporadic colorectal cancer. In view of the age of the patients and location of the tumors, it was most likely that MSI was caused by hypermethylation of the MLH1-promotor region. Hypermethylation silences MLH1 expression and is frequently found with increasing age and in the proximal colon (Issa, 2000; Momparler and Bovenzi, 2000) . A number of mechanisms other than ␤2m-expression defects are known that can account for down-regulation of HLA-I expression, such as genetic defects in the coding sequences of the HLA-I heavy chains (Jimenez et al, 1999; Koopman et al, 2000) , regulatory defects (Browning et al, 1996) , or defects in antigen processing and presentation, eg, in transporter associated with antigen processing. For instance, the latter were shown to account for a large proportion of HLA-I alterations in breast cancer (Kaklamanis et al, 1995) , head and neck squamous cell carcinomas (Feenstra et al, 1999; Seliger et al, 1997) , and 14% of colorectal carcinomas (Kaklamanis et al, 1994) .
In conclusion, we report that locus-specific HLA-I down-regulation occurred in 72% of colorectal cancers and that HLA-A was an independent prognostic factor for a longer DFS. This applied in particular to a subgroup with total loss of HLA-I, which may be correlated with a MSI-high phenotype.
Materials and Methods
Patients
A random group of 88 colorectal cancer patients from a previously described cohort of curatively resected colorectal cancer patients (Tollenaar et al, 1998) was analyzed for HLA-I expression. Clinical information and histopathological information is shown in Table 1 . Tumors were staged according to the American Joint Committee on Cancer (AJCC) criteria (Beahrs et al, 1992) : 57% of cases were stage II primaries (equivalent to Dukes B) and 43% were stage III (equivalent to Dukes C). The average age of the patients was 66.4 years (range: 26.9 -85.0; SD: 12.5 years). Tumors were evaluated for differentiation grade, mucinous characteristics, and lymphocytic infiltration according to Jass' criteria (Jass et al, 1996) on hematoxylin-eosin stainings. Patient follow-up was completed until October 2000, with a median follow-up of 5.4 years (range: 0.1-18.6 years, SD ϭ 5.2 years).
Immunohistochemistry and Evaluation
Tissue sections were stained using one of two monoclonal antibodies (culture supernatant) for HLA-I, kindly provided by Dr. J. J. Neefjes from the Netherlands Cancer Institute (Amsterdam, The Netherlands): HCA2 (1:100), which binds to HLA-A, and HC-10
(1:200), which preferentially binds to HLA-B/C (Stam et al, 1990) . A polyclonal antibody against beta-2-microglobulin (␤2m; 1:10,000; DAKO, Denmark) was used to assess ␤2m protein expression in HLA-A-and HLA-B/C-negative cases.
Staining of mismatch repair proteins was performed with anti-MLH1 (1:50; Zymed Laboratories, San Francisco, California), anti-MSH2 (1:100; Calbiochem, Cambridge, United Kingdom), and anti-MSH6 (1:3000; Transduction Laboratories, Lexington, Kentucky). P53 stainings were used as previously described (Tollenaar et al, 1998) . Four-micrometer-thick tissue sections were prepared on aminopropylethoxysilane (APES)-coated slides and dried overnight at 37°C. Next, tissue sections were deparaffinized three times in xylene for a total of 15 minutes. Endogenous peroxidase was blocked in 0.03% hydrogen-peroxide methanol for 20 minutes and subsequently rehydrated. Antigen retrieval was done by boiling in 10 mM citrate buffer (pH ϭ 6.0) for 10 minutes using a microwave oven (HCA2, HC-10, MSH6, ␤2m) or in 1 mM EDTA (MLH1, MSH2), after which the sections were cooled in this buffer for at least 2 hours at room temperature. After rinsing in demi-water and phosphate-buffered saline (PBS), the tissue sections were incubated with the primary antibody diluted in 1% (w/v) PBS/bovine serum albumin overnight at room temperature. Sections were washed in PBS and incubated with biotinylated rabbit-anti-mouse (1:200; DAKO, Glostrup, Denmark) for 30 minutes (for HCA2, HC-10, and MSH6) or with biotinylated swine-antirabbit (1:400; DAKO; for anti-␤2m), washed again with PBS, and incubated with streptavidin-biotin complex (1:100, DAKO, Glostrup, Denmark) for 30 minutes. The other sections (MLH-1, MSH2) were incubated with EnVision peroxidase mouse system (DAKO) for 30 minutes. Sections were washed and developed in 3,3-di-amino-benzidine tetrahydrochloride substrate solution containing 0.002% hydrogen peroxide for 10 minutes. The sections were then counterstained with hematoxylin, dehydrated, cleared in xylene, and mounted with pertex.
Microscopic analysis was done separately by two observers who had no knowledge of the clinical outcome of the patients. The percentage of the tumor cells expressing HLA-A, HLA-B/C, and ␤2m on the cell membrane was estimated in each case. In those cases in which the investigators disagreed, the slides were reviewed and a consensus was met. Normal HLA expression was defined as a situation in which all tumor cells expressed HLA. HLA expression was defined as reduced when some tumor cells showed HLA-A or -B/C expression while others showed no expression. Total loss of HLA expression was noted when no tumor cells expressed HLA-A or -B/C and the internal control (tissue stroma, lymphocytes, and endothelium) expressed HLA expression. Tissue stroma and normal epithelium served as positive internal controls when analyzing MLH1, MSH2, and MSH6 expression. Expression of MLH1, MSH2, and MSH6 was scored as positive, negative, or doubtfully positive (ie, when the tumor nuclei vaguely expressed a signal while the internal control displayed normal staining intensity).
DNA Isolation
Genomic DNA of normal and tumor tissue was isolated from formalin-fixed paraffin-embedded material by taking tissue punches (diameter 0.6 m) with a tissue microarrayer (Beecher) from tumor and normal areas selected on the basis of a hematoxylin-and eosin-stained slide. Using a Chelex extraction method, DNA was isolated from three punches, resuspended in 96 l of PK-1 lysis buffer (50 mM KCl, 10 mM Tris [pH 8.3], 2.5 mM MgCl 2 , 0.45% NP 4 0, 0.45% Tween 20, 0.1 mg/ml gelatin) containing 5% Chelex beads (Biorad, Hercules, California) and 5 l of proteinase K (10 mg/ml), and incubated for 12 hours at 56°C. The suspension was incubated at 100°C for 10 minutes, centrifuged at 13,000 rpm for 10 minutes, and the supernatant carefully discarded.
Microsatellite Instability Analysis
Five markers, ie, two mononucleotide repeats (BAT25, BAT26) and three dinucleotide repeats (D2S123, D5S346, D17S250) recommended by the National Cancer Institute workshop on "Microsatellite Instability for Cancer Detection and Familial Predisposition," were used (Boland et al, 1998) . Three additional mononucleotide repeat markers (BAT40, MSH3, and MSH6) were also evaluated. Of each the microsatellite marker sets of the reverse primer was tagged with a sequence of 7 bp: 5'GTTTCTT3' on the 5' end. This modification was shown to significantly reduce falsepositive detection of MSI (de Leeuw et al, 2001) . PCR was performed in a total reaction volume of 12 l, containing 10 ng of DNA, 1ϫ AmpliTaq gold buffer (Applied Biosystems Inc., Foster City, California), 1% bovine serum albumin (Roche Diagnostics), 2.0 mM MgCl 2 , 200 M of each dNTP, 2.5 U AmpliTaq Gold polymerase (Applied Biosystems Inc.), 2 pmol of the primer pairs of the National Cancer Institute set and BAT 40, and 10 pmol of the primer pairs for MSH2 and MSH6 using the following conditions: 33 cycles of 1 minute at 96°C, 2 minutes at 55°C, 1 minute at 72°C in a Gene Amp 9700 thermocycler (Applied Biosystems Inc.). Hereafter, a final step of 7 minutes at 72°C was performed to ensure complete extension. Mixtures of 24 l deionized formamid, 1 l TAMRA 500 size standard (Applied Biosystems Inc.), and 1.2 l of PCR product each were run on an ABI 310 Genetic Analyzer (Applied Biosystems Inc.) for 20 minutes with run profile GS STR POP 4 (1.0 ml) C and analyzed with Gene Scan Analysis 3.1. Instability of a microsatellite marker is characterized by an alteration in the electrophoretic mobility of the PCR product of tumor DNA. This is facilitated by mixing the differently fluorescentlabeled PCR products from tumor and normal DNA in one tube and performing electrophoresis of the PCR products simultaneously in one capillary run. According to the established international criteria for MSI at the National Cancer Institute workshop, tumors were classified as (i) tumors with instability for two or more markers (MSI-high; MSI-H), (ii) tumors with instability for one marker (MSI-low; MSI-L), and (iii) no instability (MS-stable; MSS).
Analysis of Repetitive Sequences in ␤2m in HLA-I-Negative Cases
Three areas of the ␤2m gene containing repetitive sequences, 1 in exon 1 (an 8-bp CT repeat) and 2 in exon 2 (2 AAAAA repeats), were analyzed with modified primer sets as previously described (Bicknell et al, 1994) . Primers were exon 1 forward: 5'AATATAAGTGGAGGCG-GTCGC'3, reverse: 5'CAGAGCGGGAGGGTAGGA'3; exon 2 forward: 5'TCATCAATCCGACATTGAAGTTG'3, reverse: 5'GGCTGTGACAAAGTCACATGG'3. PCR was performed as described for microsatellite instability analysis (see previous section). A positive control containing a characterized mutation in the CT repeat of exon 1 of ␤2m was also run in each experiment (kindly provided by K. Jordanova, Department of Pathology, Leiden University Medical Center, Leiden, The Netherlands).
Statistical Analysis
All statistical analyses were done using the SPSS software package (SPSS, Chicago, Illinois). The 2 test for trend was used for comparing various clinicopathological parameters and HCA2 and HC-10 expression. Kaplan-Meier analysis was used to calculate the disease-free survival. The log-rank test was used for comparison of the survival curves. Cox regression analysis was used for multivariate analysis and for univariate analysis of ordinal variables.
